Traffic noise penetration into a built-up area is investigated using the concept of the A-weighted sound exposure level. Geometrical spreading of the noise and the ground effect have been taken into account. The theory is based on the premise that buildings affect the propagation much more through reduction in the direct waves than through enhancement by diffraction and reflection.
INTRODUCTION
Road traffic is the most widespread source of noise. It consists of a series of individual noise events superimposed on the prevailing background noise (Fig. 1) . The equivalent continuous Aweighted sound pressure level is (1) where LAeqT is the equivalent continuous A-weighted sound pressure level of background noise and Nj denotes the number of vehicles of j-th class passing the receiver during time T (in seconds). LAEj ex pressesthe A-weighted sound exposure level which characterizes a single noise event: (2) where P0=2.10-5
Nm-2 and t0=1s. The A-weighted sound exposure is defined by the following integral:
To calculate the above quantity one has to know the time history of the A-weighted mean square sound pressure, pA2.
A-WEIGHTED MEAN SQUARE SOUND PRESSURE
For an omnidirectional point source , in a non dissipativemedium being at rest , far away from any obstacles, the principle of energy conservation gives rise to the relationship between the A-weighted mean square sound pressure, PA2 , the A-weighted power level of the source, LAW, and the source receiverdistance r (in meters): (4) where s0=1m2. This is a mathematical model for representing the geometrical spreading of sound energy. Now assume that an omnidirectional source (S) and receiver (O) are in a motionless atmosphere , above a flat surface which is continuously covered by e.g. grass (Fig. 2 ). In such a case, the geometrical spreading (Eq.(4)) is disturbed by ground absorp tionand reflection (i.e. by the ground effect) , by air absorption and turbulence scattering, and by refrac tioncaused by the temperature and wind-speed gradients. Under such circumstances the total effect can be approximated by: 
where p A2 corresponds to the geometrical spreading (Eq. (4)) and parameters B, m, and r* are related to excess attenuation. Hence, the A-weihgted sound pressure level, LpA = 10 log(pA2/p02), is: (10) "Far away" from a source , the A-weighted sound pressure level decreases (0.3m + 6) dB every time that distance is doubled. "Close to" a noise source means : r <r*.
For this region, expressions (6)-(8) yield (11) which corresponds to a 6 dB drop of A-weighted sound pressure level per doubling distance.
For a flat and perfectly reflecting surface, when the source is close to the ground (Hs << r, Fig. 2 ), one can expect that the source's power is effectively doubled, B= 2 (Eq. (5)). There is so in the case of a vehicle moving on a road. In such a case, Eq. (8) takes the form ( 
where the quantities K and r0 are functions of the source-receiver geometry ( Fig. 2) and properties of the ground. Let us assume that a vehicle is moving along a straight line with a constant speed V (in meters per second). For a receiver (O) shown in Fig. 4 
A-WEIGHTED SOUND EXPOSURE LEVEL
In the previous section the influence of excess attenuation on the A-weighted mean square sound pressure and A-weighted sound pressure level has (12) and (13) yield+4.0 dB and-1.0dB, respectively.
Built-up Area
Yeow et al.10) have considered the problem of traffic noise penetration into a built-up area under the assumption that the effect of reduction in the direct waves and reflected from building surfaces dominate other phenomena which modify geometri calspreading.
In this paper we assume that the sound energy due to the reflection from building surfaces is small as compared with sound energy which is carried by the direct waves. In Refs. 11, 12) the ground effect was included in the form given by Eq.(9) with parameters "a" and "b" independent of track-receiver geometry. Thus, the final results of Ref. 11, 12) can be used only when the receiver is close to the ground, i.e., for residential areas with one or two storey buildings. In the case of tall buildings, the dependence of the ground effect on the receiver's height can not be neglected. In this paper we meet this requirement by applying Eq.(14). If a vehicle moves along a straight road at a steady speed, the A-weighted sound exposure is (Fig. 5 , Eq.(17)): (25) In our model, the noise reaches the receiver when the segments of the track are seen at the point 0 (Fig. 5): Making use of Eqs.(18),(25) one gets (26) where EA is the A-weighted sound exposure for absorbing ground without any buildings (Eqs.(19), (21)) and (27) The above with parameters K and r0 as defined by Yama motoand Yamashita.7) Both parameters de pendon the flow resistance of the ground, and the source-receiver geometry (Fig. 2) . presence of buildings affects noise propaga-tion much more through reduction in the direct waves than through enhancement by reflection from their surfaces. The A-weighted sound exposure level for any type of vehicle can be used as an input to the prediction of the equivalent continuous A-weighted sound pressure level, LAeq T (Eq• (1)), of traffic noise in an open area or within built-up area.
The experimental verification of the presented here model is carried out.
